Aim To evaluate the effects of autologous platelet rich fibrin gel (PRF gel) on bone regeneration following extraction. Materials and Methods The study design was approved by the Institutional Ethical Committee. Study sample consisting of a total of 22 patients requiring bilateral transalveolar third molar extractions were included after written informed consent. One side was randomly chosen as case and the other side was the control. Autologous PRF gel was prepared from Fresh blood obtained from the patient. The PRF gel was placed in the extraction site and primary closure was obtained. The patient was called for a follow up on the first post op day, 1st week, one month, three month and six months post op. Regeneration of bone was measured using serial radiographs (RVG) at immediate post op, one, three and six months. This was then compared with the bone regeneration seen in the control group, with the radiographs taken at same intervals, to estimate the difference in bone regeneration if any. RVGs were assessed for amount of radiologic bone filling by the method described by Matteo Chiapasco et al.
Introduction
Platelet-rich fibrin gel was first described by Choukroun et al. [1] in France. It has been referred as the second generation platelet-fibrin gel concentrate. It has the following advantages;
• Ease of preparation.
• Lack of biochemical handling of blood.
• Strictly autologous nature, over the traditionally prepared platelet-rich plasma (PRP) gels, as bovine thrombin used in the preparation of PRP gel may lead to development of antibodies to factors 5, 9 and thrombin, resulting in the risk of life threatening coagulopathies [1] .
Various uses exist for the gel. Some of which is as follows:
• It can be used as a scaffold to promote bone growth and maturation.
• Wound sealing.
• Wound healing and • Hemostasis.
In an experimental study osteoblast cell cultures were used to investigate the influence of PRP and PRF on proliferation and differentiation of osteoblasts. In this study the affinity of osteoblasts to the PRF scaffold appeared to be superior [2] . If such a method of accelerating wound healing in the socket is developed, then, oral rehabilitation by placement of implants without a waiting period can be developed. This method can also be extended to other areas of the body, and also may help in accelerated post-trauma healing. Hence a study was carried out to check for the effect of autologous platelet rich fibrin gel on bone regeneration.
Study Type
• Prospective, clinical investigation
Aim
To evaluate the effects of autologous platelet rich fibrin gel (PRF gel) on bone regeneration following transalveolar extractions.
Materials and Methods
Study sample consisting of a total of 22 patients requiring bilateral transalveolar third molar extractions were included after informed consent. One side was randomly chosen as case and the other side was the control.
Criteria for Inclusion of Patients
• Patient willing to give informed consent.
• Patients above 18 years of age.
• Patient indicated for transalveolar extraction of bilateral third molars.
• Patient with a blood concentration of thrombocytes within the normal range (1.5-3.5 lakh cells/cubic cm).
• In areas where primary closure is possible.
Criteria for Exclusion of Patients
• The presence of uncontrolled diabetes, immune disease, or other contraindicating systemic conditions. • Radiation therapy/Chemotherapy in the 12 month period earlier to the proposed therapy.
• Uncontrolled periodontal disease.
• Presence of any acute local infection.
• A smoker.
• Pregnant women, children, elderly ([60 years), physically and mentally challenged, terminally and seriously ill.
• An unwillingness to commit to a long-term posttherapy maintenance program.
Methodology

Preparation of PRF gel
The required quantity of blood (9 ml) is drawn into 10 ml Syringe (Fig. 1) . From this 4.5 ml is used for routine blood investigation and the other 4.5 ml is transferred to tube containing 0.5 ml anticoagulant [acidulated citrate dextrose (ACD)] and centrifuged using a table-top centrifuge for 20 min at 360-400 rpm (Fig. 2) . The resultant product consists of the following layers.
• The top most layer, consisting of acellular platelet poor plasma (PPP).
• The second layer consists of platelet rich plasma (PRP).
• RBC at the bottom (Fig. 3) .
After which the top layer consisting of PPP will be discarded as Platelet count is minimal. The second layer will be transferred to a neatly incubated test tube. Calcium Gluconate is added to this solution (PRP). For 2 ml of PRP, 0.5 ml of Calcium Gluconate is added and allowed to stand for 10 min for the standardization of the gel. The resultant gel obtained is platelet rich fibrin.
This gel is placed into the extracted tooth sockets of the patients and sutured (Figs. 4 and 5). The variation of the platelet counts from the each individual patient has been observed and recorded both the base line platelet count and the platelet count in the PRF gel. Patients with a baseline Fig. 1 Withdrawing blood by venipucture platelet count greater than 1,00,000 cells/cu mm were only selected. An average increase of platelet count up to four fold (1:4) was seen in all cases after the centrifuge. Further follow up of the Patients was done in the next consultation with RVGs regularly for 1st, 3rd, 6th month.
Radio Visio-Graphic (RVG) Analysis
After Placing the PRP Gel in the Socket region an Immediate RVG was taken. Patient was recalled at regular intervals of 1st, 3rd and 6 months post op to take RVG'S. The Radiolucency of the Socket region was measured using the Corel Draw Software. The size of the residual defect was calculated by the technique described by Matteo Chiapasco et al. [3] . The radiographs were converted to a digital format by a scanner connected to a computer and through the transfer of RVG images to the Corel Draw software. They were then converted to grayscale tonalities of 256 using Corel Photo paint Software.
A person blinded of the PRF primary closure marked the size of the residual cavity using the software. The area marked was converted into a histogram which gave the number of pixels in the residual cavity. The number of pixels in the residual cavity was calculated on all RVGs. This indicated the size of the defect. The number of pixels in the residual defect in the immediate post-operative radiograph was fixed at 100 %. The decreasing number of pixels in the surgical defect overtime gave us the relative bone filling in the area of the lesion. The percentage of bone filling was then calculated. The residual cavity defect and regenerated bone density in both the study group and control group were also calculated using Radio VisioGraphs to rule out bias. Comparing the bone regeneration results of the participants on test side and Control side with 6 months follow up. 
The Statistical analysis is as follows.
Null Hypothesis: There is no significant difference in the mean pixels between two groups i.e. l1 = l2. Alternate Hypothesis: There is a significant difference in the mean pixels between two groups i.e. l1 = l2. Level of Significance: a = 0.05.
Statistical test used: t test.
Decision Criterion: We compare the P value with the level of significance. If P \ 0.05, we reject the null hypothesis and accept the alternate hypothesis. If P C 0.05, we accept the null hypothesis.
Computations: The Table 1 gives us the various computations and the P value.
Higher mean pixels was recorded in cases compared to controls at all the time intervals viz., immediate post op, 1 month post op, 3 months post op and 6 months post op (graph 1). However, the difference in the mean pixels recorded between the two groups was not statistically significant (P [ 0.05).
Discussion
In the preparation methods of PRP described by Marx et al. [4] and others, the coagulation process to obtain a gel was initiated with 10 % calcium chloride and bovine thrombin. The introduction of an endogenous initiator of coagulation (usually bovine thrombin), in most of the commercially available methods of PRP preparation has the effect of causing rapid degranulation of platelets and almost immediate liberation of growth factors into the surgical area at the time of preparation [5] . Since growth factors have a limited time of effectiveness, immediate release of growth factors can only affect the immediate stages of wound healing and not the extended period of time needed for bone and soft tissue regeneration. A platelet-rich fibrin material, which does not use bovine thrombin as an activator, has been described as a platelet-rich fibrin matrix (PRFM) [6] . The proprietary process for PRFM preparation separates the blood cells from the platelets and plasma proteins, during an initial low speed centrifugation of a patient's blood. A second centrifugation converts fibrinogen to fibrin in the presence of CaCl2 and the fibrin cross-links to form a matrix that contains viable platelets. Carroll et al. [7] have demonstrated, in vitro, that the viable platelets in PRFM released six growth factors in about the same concentration for the 7 day duration of their study. Given prolonged growth factor presence it would be expected that PRFM treatment of an extraction socket might result in enhanced wound healing. To test this hypothesis, a study was designed to compare bone regeneration following bilateral extractions of identically placed third molar teeth which required primary closure to contain the PRF gel within the site. Higher mean pixels was recorded in cases compared to controls at all the time intervals viz., immediate post op, 1 month post op, 3 months post op and 6 months post op. However, the difference in the mean pixels recorded between the two groups was not statistically significant (P [ 0.05).
We also observed accelerated soft tissue healing at all the test sites with PRF compared with the control sites. The soft tissue parameters assessed qualitatively were: postoperative swelling, trismus, erythema, pus formation and Wound dehiscence in the first week of extraction.
When combined with bone graft it may facilitate better and faster bone regeneration because of the presence of growth factors [4] . It is an economical alternative to expensive recombinant growth factors when used in conjunction with osseous grafts.
No graft material was added to PRF in this study. It is assumed that the combination of bone grafts with PRF might have further improved the result of our study. We intend to use it in conjunction with bone graft material to further accelerate bone regeneration.
A canine study [8] performed to determine if extraction sites treated with PRFM exhibit enhanced healing compared to sites treated with non-viable materials. Demineralized freeze-dried bone allograft (DFDBA) and membrane, PRFM and DFDBA, and untreated control were used. Clinical and histologic evaluation of healing at 10 days, 2, 3, 6 and 12 weeks showed that healing was more rapid in the PRFM and PRFM and membrane sites. By 3 weeks those sockets had osseous fill. Sites containing DFDBA had little new bone at 6 weeks. So they concluded that PRFM alone may be the best graft for ridge preservation procedures. Some authors [9, 10] have reported that PRF can also be used for accelerated repair of articular cartilages. It has also found applications in periodontal pathologies [11] .
We also are carrying on research currently with PRF as a means of local delivery of antibiotics (metronidazole) and analgesic (diclofenac) to improve local wound healing and also to cut down on systemic delivery of drugs.
Conclusion
The present study clearly indicates a definite improvement in the regeneration of bone after third molar surgery in cases treated with PRF as compared to the control group post operatively. This increase in the bone density signifies and highlights the use of PRF, certainly as a valid method in accelerating hard tissue regeneration. For complete analysis, further follows up of the present patients and a larger sample size is required to obtain a conclusive result of the bone regeneration in extraction sockets with PRF gel.
